ABSTRACT The cohort of viscose rayon workers previously described by Tiller et al has been reconstructed and followed up to the end of 1982. The pattern of mortality at ages 45 to 64 for the extended period 1950-82 is similar to that described by Tiller et al for 1950-64. The spinners, the workers most heavily exposed to carbon disulphide, have a significantly higher mortality from all causes than the least exposed group. The excess mortality is largely accounted for by ischaemic heart disease (IHD) for which the spinners have an SMR of 172. When mortality is related to an exposure score in the same group, both all cause (p < 0-01) and IHD (p < 0-001) mortality increase with increasing exposure level. When this analysis is repeated covering all ages these trends become much less strong and only that for IHD remains significant (p < 0 05). Over the age of 65 there is a tendency for mortality to decline with increasing exposure. This is contrary to expectation under the usual hypothesis that carbon disulphide promotes atherosclerosis. Instead it suggests that carbon disulphide has some type of reversible, direct cardiotoxic or thrombotic effect. This is supported by the findings that there is a stong trend (p < 0-01) for IHD mortality to increase with increasing exposure in the previous two years. Further, both IHD (p < 0-001) and total (p < 0-01) mortality show highly significant trends with exposure among current workers but no such trends among workers who have left the industry.
The hazards of exposure to high concentrations of carbon disulphide (CS2) have been known since the nineteenth century when it was used in the vulcanisation of rubber. Carbon disulphide is a neurotoxic poison, exposure to concentrations of the order of 1000 ppm can cause acute psychosis and exposure to around 5000ppm is rapidly fatal.
In this century the main industrial use of carbon disulphide has been in the viscose rayon industry. Cellulose produced from wood pulp is converted, after treatment with caustic soda, into cellulose xanthate by the addition of carbon disulphide. The cellulose xanathate is dissolved in dilute caustic soda giving a solution called viscose. At times viscose process workers are exposed to carbon disulphide. The viscose solution is pumped through a jet into a warm sulphuric acid bath where the original cellulose is precipitated as a continuous thread. This is cut into short lengths, washed, and dried. Men working in this spinning department may be exposed to both carbon disulphide and hydrogen sulphide.
In 1954 Vigliani described 100 cases of poisoning from carbon disulphide that occurred in five viscose Accepted 8 July 1986 rayon plants in Piedmont during 1940 and 1941 .1 Polyneuritis was seen in 88% of these cases. Under the wartime conditions these men were exposed to concentrations ranging from 60 to 500 ppm. After the war conditions in rayon plants improved and exposures were considerably reduced. Vigliani describes how, on moving from Turin to Milan in 1942, he began to see cases with "a vascular diffused encephalopathy." From 1943 to 1953 he saw 43 such cases, 15 of whom were aged under 50. He advanced the hypothesis that "prolonged exposure to CS2 can lead to a favourable situation for producing atherosclerosis." He also described vascular lesions in animals exposed to CS2. Later workers report atherosclerosis in animals exposed to CS2.2 In 1968 Tiller etal produced the first evidence relating the development of coronary heart disease to exposure to carbon disulphide among viscose rayon workers.3 They began with a proportional mortality study in an area containing three rayon plants and found that 42% of deaths among viscose and spinning process workers were certified to coronary heart Exposure to carbon disulphide and ischaemic heart disease in a viscose rayon factory a cohort study among the men employed at the most modern of the three factories. The cohort was followed up from 1950 to 1964. Among men employed in the rayon industry for more than 10 years, those exposed to carbon disulphide had death rates from coronary heart disease more than twice that of other rayon workers. 4 (highest exposure to CS2). There is no doubt that those highest exposed on a continuous basis were the spinners who were allocated a rating of 4. The next highest were the wash operatives (working within the spinning department) who were allocated a rating of 3. A rating of 2 was allocated to most viscose operatives. They were exposed to intermittent high levels over a shift every third or fourth week since the majority of them rotated their job and spent much of their time in areas with no exposure to CS2. Likewise fitters, pipefitters, and their mates intermittently exposed to high CS2 levels were given a rating of 2. All other operatives were given a rating of 1 (little exposure) or O (no exposure). The exposure score was then the product of this CS2 rating with the number of months spent in the particular job, summed over all jobs. This exposure score could be calculated over any chosen period. Exposure scores were not calculated for staff Sweetnam, Taylor, Elwood because of the difficulty of allocating a CS2 rating to many of the staff jobs.
The results are presented as standardised mortality ratios (SMRs). Man-years at risk were calculated using MYCL6 in five year age groups within quinquennial calendar periods. Expected deaths were obtained by applying the England and Wales death rates to the man-years at risk. The England and Wales rates used were the average annual age specific rates for the appropriate quinquennial calendar period. SMRs were calculated for total mortality, for ischaemic heart disease mortality, and for other circulatory diseases. Table 2 shows the ICD codes used to define these specific causes under the different ICD revisions.
Significance tests were calculated using the usual assumption that the observed deaths follow the Poisson distribution whereas the expected deaths are based on such large numbers that they may be taken as without error.7
Results
There was some uncertainty over the accuracy of our reconstruction of the original cohort. The best means of dispelling this uncertainty was to repeat the analysis performed by Tiller etal The main hypothesis put forward to explain the excess mortality from IHD is that CS2 promotes atherosclerosis.1 -3 If this is so then we should expect IHD mortality to remain high after exposure to CS2 ceases. In particular, there is no reason to limit analysis to ages 45 to 64. In table 6 mortality is again related to exposure score but the age restriction is removed. There are still trends for total and IHD mortality to increase with exposure but they are much less strong than those seen at ages 45 to 64. For IHD mortality the trend is just significant at the 5% level whereas that for total mortality is not statistically Exposure to carbon disulphide and ischaemic heart disease in a viscose rayon factory Test for trend: All causes-current workers x2 (I df) = 8-8, p < 0-01.
-I to 9 years after leaving x2 (I df) = 3-6, r IHD-current workers X2 (1 df) = 15-8, p < 0-001.
Other circulatory-I to 9 years after leaving i2 (1 df) > 10 years after leaving X (1 df)
after leaving the factory but this does not reach the conventional 5% level of statistical significance.
There is no such trend 10 or more years after leaving. Mortality from IHD is highest (SMR = 145) among the current workers but the difference between the three employment groups is not significant. Within the current workers, however, there is a powerful trend (X2 (I df) = 15-8, p < 0-001) for IHD mortality to increase with exposure. There is no such trend after operatives have left the factory. Conversely, mortality from other circulatory diseases is higher after leaving the factory (X2 (2df) = 16-6, p < 0-001). Mortality from other circulatory diseases increases with exposure in men one to nine years after leaving the factory, but there is a similar trend in the opposite direction 10 or more years after leaving the factory. Neither of these trends, however, even approaches the conventional 5% level of statistical significance.
Discussion
The original cohort of men followed up by Tiller et Men in the spinning departments are exposed to much higher levels of carbon disulphide (CS2) than men in the viscose making department. But, as several workers39 have pointed out, some men in the spinning departments of viscose rayon factories are exposed to both CS2 and hydrogen sulphide (H2S). The excess mortality in the spinning departments could be explained either by the higher levels of CS2 or by the exposure to H2S. Tiller etal concluded that H2S was unlikely to be the causative agent.3 One reason for this was that in their proportional mortality study they found an excess of 13 observed against [4] [5] [6] expected deaths from IHD among the viscose workers in the two older factories. Viscose workers have no exposure to H2S and in those two older factories had much higher exposures to CS2 than viscose workers in the modem factory on which the cohort study is based.
Within the spinning department are three sections: spinning, wash, and drying. In the spinning section men are exposed to the highest levels of CS2 and also to H2S. In the wash section they are exposed to levels of CS2 that are nearly as high as in the spinning 226 section but to considerably lower levels of H2S. Men in the drying section are exposed to little CS2 and no H2S. A comparison of those men who had worked as spinners with those who had worked as washers but not as spinners should give some indication of the effect of exposure to H2S. Unfortunately, the number of men whom we were sure had been pure washers was small, only 66. Between the ages of 45 and 64 there were, among the washers, seven observed deaths from ischaemic heart disease as opposed to 3-7 expected (SMR = 188). Among the men who had worked in the spinning section there were 29 observed deaths against 15 6 expected (SMR = 186). These numbers are small but they give no support to the thesis that H2S is the causative agent.
The trends that we have shown for ischaemic heart disease mortality to increase with increasing exposure to CS2 also point to CS2 as the causative agent. It has to be admitted that the exposure score is crude. We rated each job on a scale from 0 to 4. We then summed the product of that rating with the months spent in the job for each job that the man had done in the period under consideration. This assumes that the exposure rating score is on an interval scale, which it is not. Nevertheless, we would argue that it is a better index of exposure to CS2 than the occupational group. The classification into occupational group makes no allowance for the period spent in the job and it combines together jobs which may have widely differing exposures to CS2. For example, the group of spinning operatives comprises spinners, washers, and dryers whose different exposures to CS2 and H2S have already been described. It is also true that many of the men with the highest exposure scores are the men who are additionally exposed to H2S. We thus cannot rule out the possibility that H2S is involved. On balance, however, it seems to us more likely that CS2 is the causative agent.
The main hypothesis previously put forward to explain the association between exposure to carbon disulphide and ischaemic heart disease is that exposure to carbon disulphide promotes atherosclerosis.-Occupational group is a measure of the worst ever exposure to carbon disulphide but takes no account of the duration of that exposure. If CS2 promotes atherosclerosis then it may well be that total exposure to CS2 is more important than worst exposure. An exposure score was derived for each man. Between ages 45 and 64 both total mortality and IHD mortality rose with increasing exposure score, the latter considerably.
If CS2 promotes atherosclerosis, however, then we would expect mortality from IHD, and perhaps from other circulatory diseases, to remain high even when exposure has ceased. In particular there is no reason to exclude experience over the age of 65. When the Sweetnam, Taylor, Elwood analyses are repeated using all ages, the trends for total and IHD mortality to increase with exposure are much decreased. This happens because at age 65 and above there is no increase in mortality with increasing exposure which suggests that the effect of CS2 is reversible and that the risk disappears after exposure ceases. The fact that mortality from other circulatory causes, while generally high, shows no sign of any increase with exposure also argues against the hypothesis that CS2 promotes atherosclerosis.
If the effect is a reversible, direct effect then mortality should be more strongly related to recent exposure than to total exposure, and there is some evidence (table 7) that this is so. IHD mortality shows a strong trend to increase with exposure to CS2 in the immediately previous two years. Further evidence to support the hypothesis of a reversible effect is found in the fact that mortality from IHD is higher among current workers (SMR = 145) than among those who had left who had an SMR of 116 one to nine years after leaving and of 114, ten or more years after. Among the current workers there is a pronounced increase in death from IHD with previous exposure, the SMR rising from 90 in the lowest exposed group to 210 in the highest. There were no such trends after leaving the factory. Mortality from other circulatory causes was much higher after leaving the factory but there was no evidence that this was related to past exposure.
All these results are based on the 1664 men who had spent at least 10 years in the viscose rayon industry. This is why the results reported here show no evidence of a healthy worker effect. 0 The major component of the healthy worker effect is the initial selection of a healthy population for employment. This will have largely disappeared after 10 years. It could be argued that if the effect of CS2 is direct then it might also be seen in the 1184 men with less than 10 years experience in the industry. In fact there is no suggestion that mortality from ischaemic heart disease is related to occupation group among these men.
Analysis by exposure score also shows no evidence of any hazard. It does show, however, that most of these men had no exposure to carbon disulphide and those that were exposed only have very short exposures. Ninety per cent of these men had left the industry for the last time before 1955, at which point the average age of the group was only 41. Thus they are a group of men who have had at most short exposures at a young age. It is generally agreed that the risk of IHD varies according to the total burden of risk factors present. Perhaps exposure to higher levels of carbon disulphide only triggers an ischaemic event in a man who is already at high risk of the disease.
The hypothesis of a reversible direct effect of carbon disulphide is supported by Nurminen and Hern-
